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17 
ABSTRACT 18 
Hemolytic-uremic syndrome (HUS) is a rare disease mainly affecting children that develops as a 19 
complication of Shiga toxin-producing Escherichia coli (STEC) infection. It is characterised by 20 
acute kidney injury, platelet consumption, and the mechanical destruction of red blood cells 21 
(hemolysis).In order to test the working hypothesis that the spread of the infection is influenced by 22 
specific climatic conditions, we analysed all of the identified cases of infection occurring between 23 
June 2010 and December 2013 in four provinces of Lombardy, Italy (Milano, Monza Brianza, 24 
Varese and Brescia), in which a STEC surveillance system has been developed as part of a 25 
preventive programme. 26 
In the selected provinces were recorded in few days a great number of cases, clusters which are 27 
unrelated for spatially distant or for the disease is caused by different STEC serotypes. 28 
In order to investigate a common factor that favored the onset of infection we have analysed in 29 
detail the weather conditions in the areas. The daily series of temperature, rain and relative humidity 30 
were studied to show the common climate peculiarities while the correlation coefficient and the 31 
Principal Component Analysis, PCA, were used to point out the meteorological variable, maximum 32 
temperature, as the principal climate element in the onset of the infection. 33 
The use of Distributed Lag Non-Linear Models, DLNM, and the climate indices characterising Heat 34 
Waves, HW, has allowed to identify the weather conditions associated with STEC infection.  35 
The study highlighted a close temporal correlation between STEC infection in children and the 36 
number, duration and frequency of heat waves. In particular if maximum temperature is greater than 37 
90th percentile, days classificated as very hot, for 3 or more consecutive days the risk of infection  38 
increasing. 39 
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44 
INTRODUCTION 45 
Shiga toxin-associated haemolytic-uremic syndrome (HUS) is a severe, systemic, life-threatening 46 
thrombotic microangiopathy mainly affects children and characterised by platelet consumption, 47 
mechanical non-immune-mediated hemolysis, and multi-organ damage particularly affecting the 48 
kidneys. It is endemo-epidemic in Central Europe and North America and, although rare (an 49 
estimated incidence of 5.5 cases per million members of the age-related population), it is a major 50 
public health concern [Ardissino et al., 2016; Caprioli, 2005]. It is caused by zoonotic Shiga toxin-51 
producing Escherichia coli (STEC), which rarely cause disease in animals (although ruminants are 52 
a major natural reservoir) [Caprioli, 2005] but typically reach humans as a result of food chain 53 
contamination. However, the high prevalence of non-157 strains (less commonly found as 54 
contaminants of the gut of ruminants compared to O:157 serotype) , the seasonal nature of the 55 
disease (which is more frequent in the spring, summer and autumn), and its high incidence in rural 56 
areas all suggest the possibility of other sources of transmission [Paton et al, 1998]. Furthermore, 57 
the increasing number of unusual food vectors (such as vegetables) associated with human STEC 58 
infection suggest the involvement of contamination, which may be significantly affected by local 59 
meteorological conditions. 60 
The seasonal nature of the disease is well documented [Riviero et al., 2012; Douglas and Kurien, 61 
1997]. However, within the period of the year with higher incidence, affected children present in 62 
clusters which are unrelated for spatially distant or for the disease is caused by different STEC 63 
serotypes [Ardissino et al., 2003]. This finding (clusters, not epidemics) has suggested the possible 64 
role of weather as a factor favouring the spread of the disease. 65 
The aim of this study was to describe the relationship between STEC infection and weather 66 
conditions because identifying the boundary conditions that increase the risk of infection may 67 
provide important clues about sporadic cases of HUS and suggest new preventive strategies. This 68 
was done by analysing the period from 2010 to 2013, which was characterised by important clusters 69 
of infections in an area with a new monitoring network. 70 
 71 
METHODS 72 
Reference population and environment  73 
The present study has consideres the cases of STEC infections that have occured in the Lombardy 74 
region, which in 2012 has an average under 21-year-old population of 1.9 million (as estimate by 75 
the Italian Institute of Statistics [ISTAT, 2012]. There are 0.57 million children in Milano, 0.16 76 
million in Monza Brianza and Varese, and 0.25 million in Brescia.. 77 
Lombardy can be divided into three zones, city of Milano, the provinces of Varese, Como, Lecco, 78 
Monza, Brianza, Bergamo and Brescia and the provinces of Sondrio, Pavia, Cremona, Mantova and 79 
Lodi. In Milano the service sector makes counts for 65.3% of employment. The second is made up 80 
of a group of provinces which are highly industrialised but in Bergamo and Brescia, in the plains, 81 
are also constituted by a rich agricultural sector. Finally, the third group presents intensive 82 
agricultural activity. 83 
The agriculture productivity in this region is enhanced by a well-developed use of fertilizers and an 84 
abundance of water. The productions in the higher plains include cereals, vegetables, fruit and 85 
mulberries but also the cattle (the highest density in Italy), pigs and sheep are bred and raised in this 86 
area. 87 
 88 
 89 
 90 
 91 
 92 
Figure 1: Distribution of mean maximum annual temperature of Lombardy. The four study areas, 93 
Milano, Monza Brianza, Varese and Brescia are indicated by name. 94 
95 
 96 
Data collection 97 
STEC dataset 98 
The data used in this study were collected by the North Italian HUS (NI-HUS) network of 56 99 
hospitals (pediatric units) coordinated by the Center for HUS Prevention, Control and Management, 100 
Fondazione IRCCS Ca' Granda, Ospedale Maggiore Policlinico, Milano, Italy. The Center has been 101 
operating in an area with 9.9 million inhabitants (1.9 million of pediatric age) since June 2010 with 102 
the aim of implementing primary and secondary STEC-HUS prevention. The network’s programme 103 
includes the early diagnosis of STEC infection by rapidly screening the bloody diarrhea of under-104 
21-year-olds, defined as “diarrhea with visible blood in at least one bowel movement seen by health 105 
professionals or reported by caregivers”. Further details concerning the NI-HUS Network, its 106 
procedures and organisational structure have been published elsewhere [Ardissino et al., 2014]. 107 
The date of presumed infection in each case of bloody diarrhea positive for Stx 1 or Stx 2 was 108 
estimated by subtracting 3 days from the onset of diarrhea (incubation period).. 109 
The positive cases were then grouped on the basis of the province of residence in order to calculate 110 
the monthly incidence rate using the age-related population as published in the 2012 census by the 111 
Italian National Statistics Office (ISTAT), and the four provinces with the highest overall incidence 112 
in the period 2010-2013 were selected: Milano (MI), Varese (VA), Monza Brianza (MB) and 113 
Brescia (BS). 114 
The study was approved by the Ethics Committee of Fondazione IRCCS Ca’ Granda Ospedale 115 
Maggiore Policlinico on 18 May 2010.  116 
Meteorological data 117 
The data concerning daily precipitation, minimum and maximum temperature, and minimum and 118 
maximum relative humidity in the selected areas from 1999 to 2013 were recorded by the 119 
Lombardy Regional Environmental Protection Agency (ARPA). The weather stations selected are 120 
the most representative on the study area (Figure 1). This 15-year period was selected because it is 121 
long enough to filter out any inter-annual variations or anomalies, but not too short to reveal 122 
climatic trends [Storch and Zwiers, 2003]. The weather instruments in the Agency’s automatic 123 
stations are carefully calibrated once a year, and the daily data are subject to automatic checks that 124 
allows them to be considered homogeneous: i.e. any variations are only due to variations in 125 
climate [Conrad and Pollak, 1962; Peterson et al., 1998; Aguilar et al., 2003; Acquaotta et al., 126 
2009], thus reasonably excluding the possibility of systematic error.  127 
Statistical analysis 128 
The climatic features of the study areas were defined by calculating rainfall, and the monthly 129 
distribution of precipitation and temperatures. Climatograms associated with the corresponding 130 
Peguy grids were used to classify the months as arid, warm temperate, cold or frosty and, on the 131 
basis of the water supply, as hyper-humid, humid, sub-humid or dry. The thermograms showed 132 
whether the main climate type was continental or temperate maritime. Finally, Balseinte polygons 133 
were used to show the intensity of seasonal precipitation [Acquaotta and Fratianni, 2013].  134 
The first relationships between the STEC and weather datasets were analysed using Spearman’s 135 
correlation coefficients calculated on a monthly scale as an independent, robust and resistant 136 
method based on data ranks rather than the values themselves [Hauke and Kossowski, 2011]. 137 
Principal component analysis (PCA) of monthly series was used to identify closer relationships 138 
between infection and weather variables. PCA is a statistical procedure that uses an orthogonal 139 
transformation. The PCA turns into a fixed correlated variables in a set of linear?ly uncorrelated 140 
variables, Principal Components (PC) [Venables and Ripley, 2002].  141 
Each PC is calculated as: 142 
 Yi = li1X1 + li2X 2 +…….+ lipX p                                with i = 1, 2,……, p  143 
lij = weight of the variable (X j) 144 
 Yi is mainly characterized by Xj with greater lij    145 
More information about the relationships between Xj and Yi is added by their correlation coefficient 146 
calculated by PCA. 147 
r(yi xj ) = Corr(yi, xj ) = eij  ;         with  eij eigenvector; τi eigenvalue; σj standard deviation 148 
If we graphically consider a unit circle in the PC1 and PC2 plot, it is possible to represent the 149 
correlation coefficients between Xj and Y1 and between Xj and Y2. Each Xj variable is plotted inside 150 
the unit circle with the following coordinates: (Corr (Y1, Xj), Corr (Y2, Xj)). In this way, a graphical 151 
indication is given by the variables that determine the principal components, and their positive or 152 
negative correlation is shown. Accordingly, if two variables show the same behavior with the PCs, 153 
the results obtained from the correlation coefficient test are confirmed. 154 
The daily datasets, estimated by subtracting 3 days from the onset of diarrhea (incubation period), 155 
were also analysed in order to clarify the weather conditions favouring STEC infection. The 156 
distributed lag non-linear model (DLNM) was used to examine the relationship between maximum 157 
(minimum) temperature and daily illness during June 2010 to December  2013 [Bai et al., 2014; 158 
Cheong et al., 2013; Gasparrini et al., 2010] with a maximum lag of 30 days in order to ensure 159 
greater coverage. The major advantage of this model is that it is able to describe a non linear 160 
exposure–response association [Gasparrini, 2011; Gasparrini et al., 2010]. Long-term trends were 161 
controlled using a natural cubic spline with 7 df per year and the Day Of the Week (DOW) was also 162 
included as an indicator in the analysis. The temperature and the lagged effects have been 163 
represented by a natural cubic spline with 3 degrees of freedom. To select the adeguate fit the 164 
Akaike Information Criterion (AIC) was used [Akaike, 1973; Zhang et al., 2014; Gasparrini, 2013]. 165 
The STEC dataset was also compared with five climate indices created by the Expert Team on 166 
Climate Change Detection and Indices (ETCCDI) in order to highlight variations in extreme events 167 
in the study: the frequency, amplitude, magnitude, number and duration of heat waves (HWs) (Tab. 168 
1) [Fortin et al., 2016; Peterson et al., 2005, 2001; Karl et al., 1999]. A HW for minimum 169 
temperature, Tmin, or maximum temperature, Tmax, was defined as any period between May to 170 
September with three or more days during which Tmin was >90th percentile of Tmin or Tmax was 171 
>90th percentile of Tmax; the 90th percentiles were calculated over the reference period 2000-2010. 172 
The linear regression between HW variables and infections was then calculated.  173 
The trends were computed using the TheilSen approach (TSA) [Sen 1968; Zhang et al., 2000; Toreti 174 
and Desiato, 2008, Acquaotta et al., 2015]. The trend is removed from the series if it is significant 175 
and the autocorrelation is computed. The Mann-Kendall test for the trend is then run on the 176 
resulting time series to compute the level of significance [Giaccone et al., 2015].  177 
 178 
Table 1. ETCCDI climate indices 179 
ID Indicator name Definitions UNIT 
HWN Heat wave number 
The number of individual heat waves occurring 
each summer (May-September). 
A heatwave is defined as 3 or 
more days where Tmax > 
90th percentile of Tmax or where Tmin > 90th 
percentile of Tmin. Where percentiles are 
calculated from base period specified by user 
No. of events 
HWD Heat wave duration The length of the longest heat wave identified by 
HWN. 
days 
HWF Heat wave frequency The number of days contributing to 
the heat waves identified by HWN 
days 
HWA Heat wave amplitude The peak day value of hottest heat wave (defined 
as the heat wave with highest HWM) 
ºC 
HWM 
Heat wave magnitude 
The mean temperature of all heatwaves 
identified by HWN. 
ºC 
 180 
RESULTS 181 
A total of 53 STEC infections were identified in the selected areas between June 2010 and 182 
December 2013; 5 of them only, turned into HUS. The vast majority of the infections occurred 183 
between May and September. The highest incidence (19) was recorded in May-September 2011, 184 
followed by the season 2013 (6). The month with the largest number of cases (10) was August 2011 185 
(Fig. 2), during which the principal cluster of infections was also recorded (seven cases between 19 186 
and 28 August). The second principal cluster occurred in September 2012 (three cases between 11 187 
and 14 September). 188 
 189 
 190 
Figure 2. Incidence and timing of STEC infections in the study areas between June 2010 and 191 
December 2013.  192 
 193 
The four study areas have a continental climate characterised by inter-annual temperature 194 
excursions, the largest being recorded during the summer and the smallest during the winter (Fig. 195 
3). The majority of months are temperate and humid, but the winter months are as cold and humid 196 
or hyper-humid, and July and August as hot and humid or sub-humid. The mean temperatures 197 
between 1999 and 2013 ranged from 13.3°C (Varese) to 14.6°C (Milano); during May-September, 198 
the mean temperature ranged from 18.6°C (Varese) to 25.3°C (Brescia). Maximum temperatures 199 
were recorded during the month of July, followed by August. During  May-September, the highest 200 
maximum temperature (39.4°C) was recorded in Brescia during July 2013, followed by Monza 201 
Brianza; the highest minimum temperature was recorded in Milano, followed by Monza Brianza.  202 
The behaviour of maximum and minimum humidity was similar in the four areas: Hmax was 203 
between 67% and 100%, and Hmin between 33% and 65%. The maximum mean relative humidity 204 
was recorded in the winter (92.6% in November), the mean minimum value in the summer (39.6% 205 
in July). 206 
Mean annual precipitation ranged from 873.5 mm (Milano) distributed over 80 rainy days to 1456.4 207 
mm (Varese) distributed over 94 rainy days. Maximum rainfall density was recorded during the 208 
autumn followed by the spring, with the highest levels being recorded in Varese (19.4 mm/day 209 
during autumn, followed by 14.7 mm/day in spring). Rainfall in Milano, Monza Brianza and Varese 210 
was sub-alpine (peaking in autumn with a secondary peak in spring, and minimum in winter); in 211 
Brescia, it was sub-continental with a maximum in autumn following by summer (Fig. 3). 212 
 213 
 214 
Figure 3. Left) Thermograms of the four areas. Right) Seasonal distribution of rainfall. 215 
The analysis showed that Milano and Monza Brianza had the same climatic features, whereas 216 
Brescia was characterised by differences in temperature (+1.3°C in summer) and rainfall (greater in 217 
summer), and Varese by a difference in the amount of rainfall (+520 mm/year), but its distribution 218 
over the year was the same. 219 
The correlation coefficients did not show any close relationships (maximum 0.36, minimum -0.36), 220 
although it was possible to identify a systematic relationship between STEC infections and the 221 
meteorological variables (Tab. 2). There was no statistically significant correlation in Brescia, but 222 
there were statistically significant correlations with maximum and minimum temperatures (but not 223 
precipitation) in Milano, Monza Brianza and Varese, and a statistically significant correlation with 224 
relative humidity, in Monza Brianza. 225 
 226 
Table 2. Correlation Coefficients, Corr Coeff, between STEC infections, meteorological variables, 227 
and principal and second components in the four areas. R: rainfall; Tmax: maximum temperature; 228 
Tmin: minimum temperature; Hmax: maximum relative humidity; Hmin: minimum relative 229 
humidity; STEC: infection; PC1: principal component; PC2 second component. Statistically 230 
significant correlation coefficients: *90%, **95%.  231 
 232 
 Variable PC1 PC2 
Corr 
Coeff 
Milano 
STEC -0.36 0.57  
Tmax -0.91 0.33 0.33** 
Tmin -0.87 0.39 0.36** 
R 0.42 0.69 -0.1 
Hmax 0.90 0.34 -0.05 
Hmin 0.88 0.28 -0.09 
Monza Brianza 
STEC 0.51 0.34  
Tmax 0.93 0.20 0.36** 
Tmin 0.86 0.29 0.34** 
R -0.45 0.83 -0.02 
Hmax -0.89 0.14 -0.26* 
Hmin -0.92 0.12 -0.31* 
Varese 
STEC -0.18 0.59  
Tmax -0.81 0.51 0.27* 
Tmin -0.75 0.60 0.31** 
R 0.56 0.58 0.07 
Hmax 0.87 0.36 0.005 
Hmin 0.87 0.38 0.008 
Brescia 
STEC 0.23 -0.11  
Tmax 0.93 0.27 0.23 
Tmin 0.87 0.37 0.21 
R -0.21 0.92 -0.19 
Hmax -0.82 0.31 -0.03 
Hmin -0.90 0.10 -0.09 
 233 
In all of the areas except Brescia, the correlation coefficients between the variables and the PCA 234 
show a linear relationships between maximum and minimum temperature, STEC infections and the 235 
principal and second components.  The PCA plots (Fig. 4) show that the variables, Tmax, Tmin and 236 
STEC, in the areas with the same climatic features (Milano, Monza Brianza and Varese) show the 237 
same relationships with the PC1 and PC2 highlighting a close link between temperature and 238 
infections. In Brescia, infections did not closely correlate with the principal components and  239 
accordingly with the weather variables (Fig. 4). 240 
 241 
Figure 4: Correlation coefficient between the variables and the PC1 and PC2, Left) PCA of Monza 242 
Brianza. Right) PCA of Brescia.  243 
 244 
On the basis of these results, we decided to use the DLNM only for the maximum and minimum 245 
temperature series. In Milano, Monza Brianza and Varese, the risk of infection was greater in the 246 
case of high maximum temperatures and lags of 0-5 days (the risk is greatest with three consecutive 247 
days of high temperatures); in Brescia, the risk increased on the same day as the increase in  248 
temperature (Fig. 5). The temperature threshold in each area was calculated as mean of 90th 249 
percentile estimated for every provinces (Table 3).  250 
 251 
  
  
Figure 5: Relative risk of STEC infection by maximum temperatures. The column on the right 252 
indicates the risk of infection. 253 
 254 
The number, maximum duration, amplitude, frequency and the mean maximum temperature of the 255 
heat waves in each area were calculated. Heat waves were defined as periods of three days or more 256 
during which Tmax was >90th percentile calculated for each area from May to September (Table 3). 257 
Table 4 shows that the year with the most heat waves was 2011: three heat waves in Milano for a 258 
total of 29 days, five in Monza Brianza for a total of 42 days, one in Varese for a total of 19 days, 259 
and six in Brescia for a total of 45 days. In the same year, the number of infections was at its highest 260 
in each area, particularly Milano (nine cases) and Varese (five cases). The principal cluster of 261 
infections occurred between 19 and 28 August 2011 (seven cases recorded in ten days: two each in 262 
Milano, Brescia and Varese, and one in Monza Brianza), and there was a heat wave in Lombardy 263 
from 17 to 26 August because of a strong North African anticyclone. The temperatures were higher 264 
than expected for the period. Rain was scarce with poor and irregular cumulative precipitation on 265 
the ground. 266 
 267 
Table 3: 90th percentile calculated on the selected daily series from May to September and the mean 268 
value for the 90th percentile. The 90th percentiles were calculated over the reference period 2000-269 
2010 month by month.  270 
Month Tx90th  Milano Monza Brianza Varese Brescia 
May 25.8 27.9 24.5 29.2 
June 30.3 31.7 28.6 33.1 
July 31.5 32.9 30.4 33.4 
August 32.7 33.7 29.9 34.0 
September 28.2 28.7 25.7 28.5 
Mean 29.7 30.9 27.8 31.6 
 271 
 272 
Table 4. The number of infections (STEC), heat wave magnitude (HWM), heat wave amplitude 273 
(HWA), heat wave number (HWN), heat wave duration (HWD) and heat wave frequency (HWF) 274 
from May to September calculated for each areas. 275 
 276 
 
Period 
(May-Sept) STEC HWM HWA HWN HWD HWF 
MILANO 
2010 0 // // 0/ // // 
2011 9 30.6 36 3 10 29 
2012 2 34.0 34.8 1 3 3 
2013 3 34.0 34.4 1 5 5 
MONZA 
BRIANZA 
2010 1 33.1 33.7 1 3 3 
2011 4 30.4 36.3 5 16 42 
2012 4 31.5 36.8 3 11 17 
2013 0 34.6 35.3 1 5 5 
VARESE 
2010 0 31.0 31.8 1 4 4 
2011 5 28.8 32.4 1 19 19 
2012 2 29.3 33 2 6 9 
2013 2 31.3 32.8 3 4 11 
BRESCIA 
2010 0 32.9 33.2 1 3 3 
2011 3 31.8 37.6 6 16 45 
2012 0 33.7 38.3 6 9 31 
2013 3 36.3 39.4 3 7 15 
 277 
A second principal cluster was recorded from 11 to 14 September 2012 (three cases: one in Milano, 278 
one in Monza Brianza, and one in Varese), and was once again associated with a heat wave. 279 
Temperatures gradually increased from 3 to 11 September (maximum temperatures were 2-3°C 280 
higher than the mean, particularly between September 7 and 9), and rain was relatively scarce. 281 
The trends between the STEC incidences and monthly heat waves  from May to September (Table 282 
5) show a statistically significant slopes only in 5 cases, 2 cases in Milano (HWN and HWD) and 3 283 
cases in Monza Brianza (HWN, HWD and HWF) The maximum trend, 0.003 incidence/number of 284 
HW, is calculated for the number of heat waves in Monza Brianza following by the trend of the 285 
number of heat waves, 0.002 incidence/number of HW, calculated in Milano. Independently by the 286 
statistically significant of the trends, the relationships between the STEC incidences and the 287 
monthly HW  were the same in the three areas with the same climatic features (Milano, Monza 288 
Brianza and Varese). In these areas the trends highlight a linear relationships with number, duration, 289 
amplitude and magnitude of heat waves and STEC incidences confirming the results by the DLNM 290 
where the risk of infections in these zones increases with the increase of the consecutive days 291 
classified hot, days with maximum temperature > 90th percentile.  292 
In Brescia the trends are not statistically significant and the slopes are near to zero. The maximum 293 
value, 0.0001 incidence/(°C), is calculated for the amplitude of the heat waves while the minimum 294 
value, -0.0003 incidence/(°C), for the magnitude of heat waves. For this area there is not a linear 295 
relationships between STEC incidences and the heat waves as underline by correlation coefficient 296 
and PCA. 297 
Table 5: Linear relationships between STEC infection incidence and monthly heat wave, heat wave 298 
magnitude (HWM), heat wave amplitude (HWA), heat wave number (HWN), heat wave duration 299 
(HWD) and heat wave frequency (HWF). The statistically significant relationships are in bold. 300 
 
HWM HWA HWN HWD HWF 
Milano // 0.0003 0.002 0.0004 // 
Monza Brianza 0.001 0.0006 0.003 0.001 0.0001 
Varese 0.0001 0.0004 0.001 // // 
Brescia -0.0003 0.0001 -0.0001 // // 
 301 
DISCUSSION 302 
The increase in the number of sporadic cases of STEC infections during particular periods of the 303 
year and in particular areas of the country has induced researchers to study possible relationships 304 
with local factors. The aim of the present study was to examine in detail the possible relationship 305 
between STEC infection and local weather conditions, a factor that has not been studied before and 306 
that could explain some of the epidemiological features of the disease and of its severe 307 
consequences. 308 
The analysis of climate showed that Milano, Monza Brianza and Varese have similar climatic 309 
features with the same annual distribution of temperatures and rainfall: mean annual temperatures 310 
during the study period ranged from 13.3°C in Varese to 14.6°C in Milano, and rainfall was sub-311 
alpine with a primary peak in autumn and a secondary peak in spring. Brescia was different insofar 312 
as it was 1.3°C warmer during the season May-September, and rainfall was sub-continental 313 
(maximum in autumn, followed by summer). 314 
The analysis of STEC infections in relation with climate showed that the increase in incident cases 315 
is associated with heat waves (periods of three or more days during which maximum temperatures 316 
are higher than the 90th percentile of the values measured from May to September). The duration, 317 
magnitude, amplitude, number and frequency of heat waves had a positive linear correlation with 318 
detected STEC infections.  319 
It can be speculated that climate can favour disease spreading by several possible means. Firstly the 320 
temperature can influence the proliferation of pathogens as well as its persistance in the 321 
environment increasing its probability of encountering the host. In addition climate has an impact 322 
on vectors (flys) and consequently on diseases spread by vectors. Finally, climate modifies human 323 
activities and recreation therefore introducing risks which might not be as present with cooler 324 
temperature.  325 
The analyses of weather trends in Italy show an increasing temperatures, with more frequent 326 
extreme values [Colombo et al., 2016; Garzena et al., 2015; Toreti et al., 2008]. Over a 15 years 327 
from 1999 to 2013, the 90th percentiles of both Tmax and Tmin increased in the studied areas, thus 328 
seeming to indicate a gradual increase in the climatic conditions favouring STEC infections. As it is 329 
likely that this trend will continue the near future, it can be assumed that there will be a gradual 330 
increase in the risk of STEC infections 331 
 332 
CONCLUSIONS 333 
The findings of this study fill a gap in our knowledge of the possible role of climate in spreading 334 
STEC infection which, although preventable, is still the leading cause of acute kidney injury in 335 
children. Identifying the boundary weather conditions that favour the spread of the disease and their 336 
evolution in the near future will enable more stringent controls in specific periods, thus favouring 337 
early diagnosis and thereby reducing the severity of the disease and the related mortality. 338 
 339 
ACKNOWLEDGEMENT 340 
The authors are thankful to “Progetto Alice ONLUS. Associazione per la lotta alla SEU” for their essential 341 
support to the investigation. 342 
343 
REFERENCES  344 
 Acquaotta F, Fratianni S, Garzena D (2015) Temperature changes in the North-Western 345 
Italian Alps from 1961 to 2010. Theor Appl Climatol, 122:619–634. doi 10.1007/s00704-346 
014-1316-7 347 
 Acquaotta F, Fratianni S (2013) Analysis on Long Precipitation Series in Piedmont (North-348 
West Italy). American Journal of Climate Change, 2:25-33. doi:10.4236/ajcc.2013.21003 349 
  Acquaotta F, Fratianni S, Cassardo C, Cremonini R (2009) On the continuity and climatic 350 
variability of the meteorological stations in Torino, Asti, Vercelli and Oropa. Meteorog 351 
Atmos Phys 103:279–287. doi:10.1007/s00703-008-0333-4 352 
 Aguilar E, Inge Auer I, Brunet M, Peterson TC, Wieringa J (2003) Guidelines on climate 353 
metadata and homogenization. World Meteorological Organization WMO/TD No. 1186 354 
 Ardissino G, Salardi S, Colombo E, Testa S, Borsa-Ghirardelli N, Paglialonga F, Paracchini 355 
V, Tel F, Possenti I, Berlingheri M, Civitillo CF, Sardini S, Ceruti S, Baldioli C, Tommasi P, 356 
Parola L, Russo F, Tedeschi S (2016) Epidemiology of haemolytic uremic syndrome in 357 
children. Data from the North Italian HUS network. Eur J Pediatr 175:465-473. doi 358 
10.1007/s00431-015-2642-1 359 
 Ardissino G, Possenti I, Salardi S, Tel F, Colombo E, Testa S, Daprai L, Picicco D, Colombo 360 
RM, Torresani E (2014) Co-infection in children with bloody diarrhea caused by shiga 361 
toxin–producing escherichia coli: data of the North Italian HUS network. Journal of 362 
Pediatric Gastroenterology & Nutrition, 59:218–220 363 
 Ardissino G, Daccò V, Paglialonga F, Testa S, Loi S, Edefonti A, Cusi D, Sereni F (2003) 364 
Weather and hemolytic uremic syndrome. Pediatr Nephrol, 18:1195-1196. 365 
doi:10.1007/s00467-003-1247-5 366 
 Akaike H (1973) Information theory and an extension of the maximum likelihood principle, 367 
in: B.N. Petrov and F. Csaki, eds., 2nd lnternat. Syrup. on Information Theory (Akademia 368 
Kiado, Budapest), 267-281 369 
 Bai L, Ding G, Gu S, Bi P, Su B, Qin D, Xu G Liu Q. (2014) The effects of summer 370 
temperatures and heat waves on heat-related illness in a coastal city of China, 2011-2013. 371 
Environmental Research, 132:212-219 372 
 Caprioli A, Morabito S, Brugère H, Oswald E (2005) Enterohaemorrhagic escherichia coli: 373 
emerging issues on virulence and modes of transmission. Vet Res 36:289–311. doi: 374 
10.1051/vetres:2005002 375 
 Cheong Y L, Burkart K, Leitao P J, Lakes T. (2013) Assessing weather effects on dengue 376 
disease in Malaysia. International Journal of Environmental Research and Public Health, 377 
10:6319-6334. doi:10.3390/ijerph10126319 378 
 Colombo N, Giaccone E, Paro L, Buffa G, Fratianni (2016) The recent transition from 379 
glacial environment in a high altitude alpine basin (Sabbione basin, North-Western Italian 380 
Alps). Preliminary outcomes from a multidisciplinary approach. Geografia Fisica e 381 
Dinamica Quaternaria, vol 39 (1), 21-36 382 
 Conrad V, Pollak LV (1962) Methods in climatology. Harvard University, Press – 383 
Climatology, pp 459 384 
 Douglas A S and Kurien A (1997). Seasonality and other epidemiological features of 385 
haemolytic uraemic syndrome and E. coli O157 isolates in Scotland. Scott Med J., vol 386 
42(6):166-71 387 
 Fortin G, Acquaotta F, Fratianni S (2016) The evolutionof temperature extremes in the Gaspé 388 
Peninsula, Quebec, Canada (1974-2013). Theoretical and Applied Climatology, 1-10. doi: 389 
10.1007/s00704-016-1859-x 390 
 Garzena D, Fratianni S, Acquaotta F (2015) Temperature Analysis on the North-Western 391 
Italian Alps through the use of satellite images and ground based meteorological station. 392 
Engineering Geology for Society and Territory - Volume 1: Climate Change and 393 
Engineering Geology, 77-80. doi 10.1007/978-3-319-09300-0_15 394 
 Gasparrini A, Armstrong B, Kenward M G (2010) “Distributed Lag Non-Linear 395 
Models.”Statistics in Medicine, 29:2224–2234 396 
 Gasparrini A, Armstrong B (2011). The impact of heat waves on mortality. Epidemiology, 22 397 
(1): 68-73. doi: 10.1097/EDE.0b013e3181fdcd99. 398 
 Gasparrini A. (2013) Modelling exposure-lag-response associations with distributed lag non 399 
linear models. Statistics in Medicine, 33:881-899. doi;10.1002/sim.5963 400 
  Giaccone E, Colombo N, Acquaotta F, Paro L, Fratianni S (2015). Climate variations in a 401 
high altitude alpine basin and their effects on a glacial environment (Italian Western Alps). 402 
Atmosfera, vol 28 (2), 117-128. 403 
 Hauke J, Kossowski T (2011) Comparison of values of Pearson’s and Spearman’s 404 
correlation coefficients on the same sets of data. Quaestiones Geographicae, 30:87-93 405 
 ISTAT Italian National Statistics Office http://www.istat.it 406 
 Karl TR, Nicholls N, Ghazi A (1999) CLIVAR/GCOS/WMO workshop on indices and 407 
indicators for climate extremes: Workshop summary. Climatic Change, 42:3-7 408 
 Paton A W, Manning P A,Woodrow M C, Paton J C (1998) Translocated intimin receptors 409 
(Tir) of Shiga-Toxigenic Escherichia coli isolates belonging to serogroups O26, O111, and 410 
O157 react with sera from patients with hemolytic-uremic syndrome and exhibit marked 411 
sequence heterogeneity. Infection and Immunity, vol 66 (11), 5580–5586 412 
 Peterson TC (2005) Climate Change Indices. WMO Bulletin 54(2): 83-86 413 
 Peterson TC, Coauthors (2001) Report on the Activities of the Working Group on Climate 414 
Change Detection and Related Rapporteurs 1998-2001. WMO, Rep. WCDMP-47, WMO-415 
TD 1071, Geneve, Switzerland, pp143 416 
 Peterson TC, Easterling D, Karl T et al (1998) Homogeneity adjustment of in situ 417 
atmospheric climate data: a review. Int J Climatol 18:1493–1517 418 
 Riviero M A, Pasucci J A, Parma A E (2012). Seasonal variation of HUS occurrence and 419 
VTEC infection in children with acute diarrhoea from Argentina. Eur J Clin Microbiol Infect 420 
Dis., vol 31(6):1131-5. doi: 10.1007/s10096-011-1418-4 421 
 Sen PK (1968) Estimates of the regression coefficient based on Kendall’s Tau. J Am Stat 422 
Assoc 63(324):1379–1389 423 
  Storch HV, Zwiers F (2003) Statistical analysis in climate research. Cambridge University 424 
Press, pp 349. ISBN ISBN 0 511 01018 4 425 
 Toreti A, Desiato S (2008) Changes in temperature extremes over Italy in the last 44 years. 426 
Int J Climatol 28:733-745. doi: 10.1002/joc.1576 427 
 Venables WN, Ripley BD (2002) Modern Applied Statistics with S. Statistics and 428 
Computing, Springer-Verlag New York, pp 498. ISBN: 978-0-387-95457-8 429 
 Zhang Y, Li S, Pan X, Tong S, Jaakkola J, Gasparrini A, Guo Y, Wang S (2014) The effects 430 
of ambient temperature on cerebrovascular mortality: an epidemiologic study in four 431 
climatic zones in China. Environmental Health 13:1-24. doi:10.1186/1476-069X-13-24 432 
 Zhang X, Vincent LA, Hogg WD, Niitsoo A (2000) Temperature and precipitation trends in 433 
Canada during the 20th century. AtmosphereOcean 38:395–429 434 
 435 
